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fa I fa I S  fa I fa 
linel: (mle M 1) =(rn2E hi2) ='... Mi-,) (rn,eMa 

I h I h h  I fa 
1 ... ... 1 1 

IiueZ:NDP( J,,M,)= m, ... ... NDP(Ji-l.Mi_ll=mi-l NDP(J,.M,)= mi 

lioe 3: output ... CH( q-l)-Mi-z CH( mi)=M,, 
1 ... - 1 1 

1 1 5 
to controller ... to Q-2Hh to (i-I)-th 

l e v e l s  

( o f ~ ~ ~ { M i } ) u d a n o t h c r b y  
. .  line 1 showstwoncstedhicrtrchia:awofthembygmemhUm 

focus of attention (of map (mi)). Hierarchy of sets is obpincd from the hiauchy of sets by 
applying NDP-algorithm pa kvcl (line 2). In orda to do this, a hated hiaarchy is added to the 
ncsod hicrarchy . In ordatoeomplte asct ,the rrsults of applying NDPpcr Icrel, mmhnced up to 
thc meaningful c a t s i s a t  mrp panition; one of possible algorithm for this is ~ c o n v u  hull" (CHL So 
this system is closed loop kvel to kvcl lopdowa and after convegence. thc system of conaolkr 
commandsisokained 

This planning/conml algorithm rqnescn5 actually a bicrorcby of blackboards (HBB) in which 
thc communication is k ing  Rndacd unong intmting subsystems of the intelligent module-..n 
navigator talrcs this plan as a suggestion of thc mikn.ones. and dcmmhwJ a h n g  of subgoals ~t the 

to the fintofmihta~~. lhis string is  MI to the plot whih alsobas ncIDcd srm~ture.Tk fmt 
zpbgopl in this soing migbt k invisibk for the ACS. the visible god is to be determined b~ thc 
pbnmr within t k  pikc. lkn pilot's luv ip tor  can compute accurate -ugh mjcctq of 
d o n  to k exec~tui. n i t  trajectory is submined to controller which in turn. has nested 
ttr~cturr.15 phnaer dcmmma the ocxt tucking command, then its navigator dctenniacs the 
exrmtion Kqpare. ctc. 
Built-in combinatorial operators:tam of decision-makers Not only r tnnp  or 
armbinations of vniabla (wordr) x.wcU as comb- of mappings (clauses) will k considad, 
bot alto combiaatioas of lbae combrmwas Search by sunning, md inclusion wbcn the dainbk 
propaty is met, is one of rbc suaightforamd algorithms of comb& gemation. If the d t s  of 
tarch yeccastrnttrcnhaciagthempltvoubulm).,dmQringthenb.~~~hwith rrcIIIsive 

an being obtained. The frml vocabulary forms a field (F) which m a n s  &at it contains all sct of 
subsets constmctcd upon the inithl set including thc ml5 of applying aIl axcptabk combinatuial 
operations. (one of thcse Opartiocls should be ktcr used for dccision making procets: combinatorial 
search). Using focus of attention we racive a Special c a t c g q  of limitcd fields which do wt 
contain aIl combination of-$ wb$h is rcq+xcd by a farmnl dcfinitioa of fnld, and y a  gives 

Using search for a l t e m t i v a  genedon. Any combinatorial algorithm is an operator of 
generating plans or Sdutkm alterrutiva for a decision-making process. Consider A+-algaithm 
for the search of minimum path tnjatay (29.32351, or any typc of conventional or 'enhanced" 
dynamic H n g  [Z?%3133]. lka a n u m k  (due) 9 a s i w  to each of the c o m b d o n s  
gencrrtd (prrfmbillty. clounas. pmpe?lraty, ccnt-effectlvmess. e?.) which will enable che 
decision-maker to make his choia under the pc~cptwl strategy of d e m o a  d i n g .  Accordinglo 
tbc existing Ocrminology. thc chain d m u a u t i v e  dccisioas named policy of decision-making. or 

Since we haw raeivcdahudy a hiaamhicll stnMurrof rrppmtaticm, mdN levels ivt conridaed 
which ye rrprrsenting Ihe same world with diffcmu rrsdunoa. the following sinution should be 
coasiderrd Given a vocabulary consisting of N elemcats at the level "i- (words) w 1 i. w z .  ... , 
s y ~ i  the sa Si of admissible decisions (or decision N-tuples ) determined within the boundaria 

dcmnined by the upper kvcl B{ wi-l} 

. 

enbumnmtofthc vocrbalnia. all possible unions. in- vdcomplrscnrations of lkvtr 

moTr mcaningfulnc- cms witlunumtroductroa O f c o ~ a I ~ b n i c S ~ .  

policy of conad 

si'wl i@w2i@...@WNi={ w i } ~  
ami assume thc cost-functiaub (e& pcscntcd a$ disfances) 

Ji:{Wi 1 .B{wi-l)*l 
dm the obtdntd N-tupk (a saing wlwz-wn) is Ih: i-level h i a h i d  doticm. This smng can be 
inrerprroed as thc n u t  subdequcnt SpIC ofthe worid. 01 the change leading totk n u t  subsequent sptc 
of rhe world (xtion). In thc latar case, the subadoas at vUious levels of the himrchy. show thc 
overall action wbich luds horn one substate IO mother. clearly. any decision making process is a 
mult  of decision making wtivities of a couple of adjacent levels. which means that Ihe 
planninglcontrol proccdue in a mult  of a reclusive computation upon the whole hicrarthy of 
rqmscntation. Shictly spaking, the dccision nuking at a level require involvemt of at least two 
adjacent levels. Thus, the souhtrc of the kvcls rrprrvntaticm is becoming d i m ~ e .  
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IF(x(k)*X(k+l)AA(k)AB(k)) -> THEN (u@)) 

~ ( k )  = F&0) ~ ( 0 )  + la CF(k, 1+1) BO) ~(l). md 

F(k+lJ+l) = A@) F(k, 1+1) 

IF [P~S%]+ -> THEN Do u 
w k  U -is a s h g  {~(l) ,  ~ ( 2 ) -  u(k-1). urn)), 

0 - n  thtmc sdlltioo bRccPapcirmL 

Sdutioo can kfouad by one drhc Iclectedrarrhpucabu 'Ibcrr L a rctdoplimum tolutiam. 
the cat d i f f e  betwan tkmcanbt fooadatly at higkraditiaaNDP bdoaeatht followmg 
vq-dpnradurrr: 

S m  THE 'OUT-OF-REACH" COAL BY AN ACHIEVABLE GOAL 
FIND A CONTROLCENERATING RULE 
IF THE CONTROL-GENERATING RULE IS NOT FOUND, APPLY SEAPCH 

265 



SUBRUT THE SQLUTION 1y) 7"E NEXT LOWER LEVEL 
IF TRE SOLUTION P NOT FOUND, REPORT THE PREDICAMENT TO 

UPPERLEVEL 
THENEXT 

' P F I E V A L  

IMWCATXON h) RECOGNITION 
I y . L * L  

IF ROBOT IS BECOMING CLOSE TO AN O W A C L E  (DISI'ANCE IS LESS 
THAN D) 

(ON THE RICKT. OR ON l l i E  LE-) 
THEN PUT MESSAGES TO PILOT AND EXECUTION CONTROLLER TO 1 

PRIORITY 
AND 

IF DISI'ANCE IS LESS THAN D. AND MORE THAN D** 
THEN REDUCE SPEED TO V* AND MAKE A TURN 

AND 
(LEFT. RICHD 

THEW BACK-UP AND TURN IN THE DIRECTION OPPOSXTE TO THECOAL 
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RULES 
WlTH SIMILAR CONDITION PAR= 

SUBSTITUTE ALL CONSEQUENT PART BY ONE (AVERAGE) SOLUTION 
TO THE CORRESPONDING LIST OF RULES 

Tbe process of learning with new rula generation is  illusmted in Figure 13. The stage of 
"gcnaaiiiticm" can be p e r f d  so far only with "nus&' d k t  patkipotioa Indad, the control 
strings found as a response to the conmete situations should k stoccd but tk subsequent analysis 
shar~kkdaKaa"mu~unlestdKrrlizbk~thmrotgermlitrrionpedcvelopcd 

I eLl RETRIEVAL RULES SEARCH 

T O  THE 
EXECUTION 

A L T E R N A T I V E S  

I A R B I T R A T I O N  

1 
SOLUTION 1 d1 

r=l I& S. DI 

+-- 
A + 

rx IF- S. DI 
In thc mantime. thc other typa of laming (primrrily. inductin leamint) can k excercised with no 
human involrcmcnr Tacy include mnmming tk sn?pshoo d the \wid analyung thc cvduaon of 
tht stupdxxs udcomputltiaaof d v c s  fcrtk nutrias Amd B a s  well as f a t k  spmgof U. 

Retrieval of rula.lXe fmt experience of operation of autoaxnous mobile robot Drcxcl 
Dune-Buggy has demonsmtcd that usin Ihc lists of rules is irrflkicnt. md tk hiaarchical srmctum 
incrasa the productivify of thc ruler mrkvll. ~ I C  s ~ t l l l t  is shown in figure 14. It is based u p  
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